Seven patients with diphtheroid endocarditis after prosthetic valve replacement are reported. Diphtheroids grown from blood cultures should not be dismissed as contaminants without repeated blood cultures, agglutinin, and L-form studies. Diphtheroid endocarditis may increase in incidence with the wider use of pre-and postoperative antibiotic prophylaxis, and may be the cause of some examples of endocarditis with 'negative' blood cultures. Four patients survived on a regimen of sodium fusidate (Fucidin) and erythromycin. We report here 7 cases which are of interest because of the difficulty in deciding the pathogenicity of the organism, the problems of finding a suitable antibiotic or antibiotic combination, and the possibility that diphtheroid endocarditis is more common than at present recognized. As far as we are aware this is the first report of combined treatment with sodium fusidate (Fucidin) and erythromycin.
I970).
Of 47 case reports of diphtheroid endocarditis only I2 were fully proven (Reid and Greenwood, I967) . Since then further reports have been made (Johnson et al., I968; Thomas and Heilbrunn, I97').
We report here 7 cases which are of interest because of the difficulty in deciding the pathogenicity of the organism, the problems of finding a suitable antibiotic or antibiotic combination, and the possibility that diphtheroid endocarditis is more common than at present recognized. As far as we are aware this is the first report of combined treatment with sodium fusidate (Fucidin) in February I966 for aortic stenosis. A Starr-Edwards prosthesis was inserted. Ampicillin was started preoperatively and cloxacillin was added postoperatively. She was discharged five weeks later. She was readmitted one month later with a two-week history of feeling chilly and sweating; temperature was 380C. She was jaundiced, anaemic, and had newly-developed clubbing. An early diastolic murmur was heard in the third left intercostal space. Blood cultures grew diphtheroids, but were initially thought to be contaminants. She was started on ampicillin and cloxacillin, but on obtaining further culture results, oral erythromycin 250 mg and sodium fusidate 250 mg were begun, both 6-hourly. She had been afebrile for three days when she died suddenly in the middle of May. At necropsy the aortic valve was infected and the prosthesis had become detached at one point; diphtheroids were grown from the valve ring. three-week history of anorexia, nausea, intermittent vomiting, and a cough; temperature was 38°C. Diphtheroids were grown from blood cultures and sodium fusidate I g and penicillin I g were started i2-hourly intravenously. Her fever failed to resolve but after changing the penicillin for erythromycin, the fever remitted and she improved. Therapy was continued with oral sodium fusidate 500 mg and erythromycin 500 mg both 6-hourly. An early diastolic murmur was heard for the first time two weeks after admission. She continued erythromycin for four months after her discharge. She attended hospital as an outpatient and remained well until she died from a cerebral haemorrhage iS months later. Necropsy revealed no residual infection.
Case 4
A woman aged 3I years had an aortic valve replacement in April I97I for rheumatic aortic incompetence. A Starr-Edwards prosthesis was inserted. Ampicillin and cloxacillin were given pre-and postoperatively. She was discharged 3 weeks later. She was readmitted in July with a 2-week history of fatigue, anorexia, and nausea. She was pale and ill. Auscultation revealed no valvar leak. She was tender on deep palpation in the left loin, but no spleen or kidney was felt. Her temperature rose to 39-50C. Blood cultures grew diphtheroids. She was given sodium fusidate 5oo mg and erythromycin 5oo mg both orally 6-hourly, and she became apyrexial and improved. However, suddenly in August she developed an acute abdominal pain and collapsed with profound Cephalothin (Keflin) was given prophylactically. She was discharged a month later. She was readmitted in May with a history of malaise, headache, nausea, and fever. Blood cultures at the referring hospital were sterile, but she was treated with intravenous penicillin i2g and clox- acillin i g daily for 9 days before transfer. On examination she appeared well, but was anaemic and had haematuria. Ampicillin and cloxacillin were given pre-and postoperatively. He was discharged in October. He was readmitted 2 months later with a 2-week influenza-like illness; temperature was 380C. He had had haematuria, anorexia, rigors, and sweating attacks for 5 days. He was anaemic, had splinter haemorrhages, and a pansystolic murmur at the apex. Diphtheroids were grown from blood cultures. He received penicillin with no improvement, but after culture sensitivities he was given erythromycin 500 mg and sodium fusidate 5oo mg both orally 6-hourly. He developed left hypochondrial pain which was thought to be a splenic infarct. An episode of pulmonary oedema was controlled. One week after starting erythromycin and sodium fusidate he was apyrexial and improved. He was discharged in February I970.
He was last seen in outpatients in September 1972 and was fully active, with no signs of valvar regurgitation.
Bacteriology Materials and methods
Blood cultures were taken routinely into glucose broth with added para-aminobenzoic acid and penicillinase, and in some instances also into glucose broth with 'liquoid' added, Brewer's thioglycollate medium, and Robertson's cooked meat medium containing penicillinase. These were incubated for 48 hours when a first subculture was made onto blood agar and incubated aerobically, anaerobically, and in I0 per cent carbon dioxide. The original cultures were again subcultured at 7 days, I4 days, and 2I days incubation.
Morphology
All organisms were Gram-positive, non-motile, noncapsulated bacilli. Some were arranged in Chinese letters on a Gram stain smear and some showed irregular staining by Albert's method. Some of the strains were very short and oval in shape. Four of the strains were studied in detail and two were examined at the National Collection of Type Cultures. The cultural and biochemical characteristics of these are shown in Table 3 .
The identification of the strain from Case 5 was In all cases the organism was not recovered from blood culture for 5 to 7 days: this may have been due to preoperative antibiotic prophylaxis. It was later shown that the organisms were slow growing and micro-aerophilic. In one case an unsuccessful attempt was made to isolate diphtheroids on special media for the growth of bacteria with defective cell walls, namely L-forms. The antibiotic sensitivities are shown in Table 2 .
Therapeutic rationale
The initial management was with penicillin. When blood culture reports were received the antibiotic combination of sodium fusidate and erythromycin was started. All strains were sensitive and a bacteriocidal concentration was in the therapeutic range of sodium fusidate. Erythromycin was combined with sodium fusidate for three main reasons. All the organismswere sensitive; there is evidence of synergy between the two antibiotics (Garrod and O'Grady, 1972) and on the theoretical grounds that if any L-forms had been induced these would be susceptible. The presence of L-forms in endocarditis has been shown by Wittler et al. (I960) .
Side effects of sodium fusidate and erythromycin regimen We encountered gastrointestinal side effects which were cured with antidiarrhoeal agents. One patient developed tunnel vision which resolved after sodium fusidate was withdrawn; this has not been described before.
We do not feel that gastrointestinal upsets should cause discontinuance of these antibiotics. On each occasion we successfully dealt with the problem, resorting to temporary intravenous therapy if necessary. Subsequently we have started a lactobacillus preparation simultaneously with the oral antibiotics, adding codeine phosphate if needed.
Discussion
Diphtheroid endocarditis has been successfully treated with bacitracin (Zendel and Lubart, I952) , and penicillin with streptomycin (Levin, I966) , but is usually relatively resistant to penicillin alone or penicillin combined with ampicillin or cloxacillin. The prophylactic use of ampicillin and cloxacillin may lead to resistant diphtheroids and L-forms and an increased incidence of diphtheroid endocarditis. It is important not to dismiss diphtheroids as contaminants without further study.
The criteria of acceptance of a diphtheroid as a pathogenic organism are difficult. The diagnosis relies on blood cultures and the demonstration of agglutinins. All except two cases had multiple positive cultures. Case 5 had a very high agglutinin titre and we considered the diphtheroid to be jointly infective with streptococcus faecalis. Case 6 had a high agglutinin titre also.
The overall mortality from diphtheroid endocarditis appears to be higher than in that of other infective agents, and the survival of 4 out of 7 patients in this series is encouraging. In retrospect we consider we should have sought surgical help earlier in our management, but it is only recently that early reoperation has been proved successful (English and Ross, 1972; Hairston and (Johnson et al., i968) have been recorded previously, but to our knowledge this represents the first reported case of a ruptured mycotic splenic aneurysm caused by diphtheroids.
In conclusion, therefore, diphtheroid endocarditis presents a difficult diagnostic problem by virtue of both the slow growth of diphtheroids on culture and also their doubtful pathogenicity. Prosthetic valves are particularly susceptible to diphtheroid infection. Sodium fusidate and erythromycin in combination have proved efficacious in 4 of our 7 patients. Throughout medical therapy the cardiologist must work in close co-ordination with the bacteriologist and surgeon and emergency surgery must be pursued promptly (Hairston and Lee, I970 
